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Studies on choice of optimized regimes of RF plasma production/heating in Uragan-3M were performed by 
using microwave reflectometry. Radial profiles of electron density and it fluctuation and poloidal rotation velocity 
have been measured for different RF antenna configurations and confining magnetic field direction. It was shown 
that plasma parameters are changing at magnetic field reversal. Best regime is that one when magnetic field 
direction is “normal” (that one at which magnetic configuration was “tuned” at magnetic surfaces studies). This 
regime is characterized by higher value of electron density and by higher value of poloidal rotation velocity shear. 
 
1. Introduction 
It is known that plasma fluctuations are considered 
as a most probable reason of anomalous transport of 
particle and energy in both tokamaks and stellarators 
[1]. Studies of fluctuation properties such as fluctuation 
level, frequency and wave number spectra, correlation 
lengths and poloidal plasma rotation may give better 
understanding of connection between fluctuations and 
anomalous transport. The dual-polarization microwave 
reflectometry is a powerful tool for measurement of 
these fluctuation characteristics [2]. 
In this paper results of such measurements for 
different regimes of RF plasma production in “Uragan-
3M” (U-3M) torsatron are presented as well as a first 
observation of poloidal rotation velocity shear. 
 
2. Diagnostic techniques 
Measurements of radial profiles of plasma density 
and its fluctuations were produced by multichannel dual 
polarization reflectometry with changing probing 
frequency (on “shot-to-shot” basis) and by using plasma 
probing from both inside and outside of torus [2]. Both 
microwave interferometry (λ=2-8 mm) and 
reflectometry (λ=8-17 mm) were used for density 
profile reconstruction. UHF resonator was used for 
measurement of plasma density in divertor fluxes. 
Density fluctuation level was estimated from reflected 
signal phase fluctuations measured by cross-detection 
technique [3]. Radial profiles of wave numbers, 
coherency and correlation lengths were measured by 
dual-polarization radial correlation reflectometry [1-2]. 
Poloidal rotation velocity was measured by poloidal 
correlation reflectometry [3]. 
 
3. RF plasma production scenarios 
Plasma was produced by power absorption from RF 
antennas working in IC or Alfven wave frequency 
ranges. Two different antennas (frame type or 
crankshaft type) were used. Measurements were 
produced at confining magnetic field of 0.72 T for both 
directions of magnetic field of torsatron. 
 
Fig.1. Electron density profiles before RF power switch-
off. (B0=0.72 T). 1,2 – frame antenna, “normal” and 
reversed field directions correspondingly; 3 –both 
frame and crankshaft RF antennae are operating; 
“normal” magnetic field direction 
 
4. Radial profiles of plasma density and 
fluctuations 
It was observed that plasma parameters depend on 
confining magnetic field direction. For “normal” 
magnetic field direction the line averaged plasma 
density was by roughly factor of 1.5 larger then that for 
“reversed” direction. On the contrary a divertor flux 
plasma density increased by a factor of 2 at field 
reversal. Fig.1 (curves 1, 2) illustrates the density 
profile change at magnetic field reversal for plasma 
production by frame type antenna. Radial profiles of 
plasma density fluctuations show increase of fluctuation 
level with radius increase. Asymmetry of fluctuation 
level was observed with larger fluctuations on outward 
plasma radius. Magnetic field reversal results also in 
increase of fluctuation level (Fig.2, curves 1,2). This 
observation proves influence of fluctuations on particle 
diffusion. 
Simultaneous work of both –frame and crankshaft- 
antennas results in obtaining of more peeked density 
profile (Fig.1, curve 3). Fluctuation level increased also 
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with radial profiles similar to that one in regime with 
frame antenna operation. 
 
Fig.2. Electron density fluctuation profiles before RF 
power switch-off. (B0=0.72 T). 1,2 – frame antenna, 
“normal” and reversed field directions 
correspondingly; 3 –both frame and crankshaft RF 
antennae are operating; “normal” magnetic field 
direction 
Fig.3. Radial wave number profiles before RF power 
switch-off. (B0=0.72 T). 1,2 – outward plasma radius, 
“normal” and reversed field directions 
correspondingly; 3 –inward plasma radius; reversed 
magnetic field direction 
 
Profiles of radial wave numbers kr of fluctuations 
measured by dual-polarization reflectometry are shown 
on Fig.3. The tendency of increase of kr with radius 
increase was observed for both inward and outward 
Fig.4. Poloidal rotation velocity profiles; curves 1,2,3 
correspond to that one on Fig.1 
plasma radiuses for both directions of magnetic field. 
Observed maximums of kr(r) may be related to islands 
with a poloidal asymmetry. Such poloidal asymmetry 
was observed in numerical calculations of V.V.Nemov 
[4]. Wave number frequency spectra measurements 
showed that kr(f) was increasing function of frequency 
for both inward and outward plasma radiuses and for 
both directions of magnetic field. Fluctuations have a 
coherency γ≥0.4 at layer distance ∆r≤4 cm in frequency 
range 10-80 kHz. 
 
5. Radial profiles of plasma poloidal rotation 
velocity 
Poloidal rotation velocity of plasma was measured by 
calculation of crosscorrelation between fluctuations 
observed by reflectometers ported in the same toroidal 
crossection but probing plasma from inside and outside 
of torus [3]. Most data on poloidal rotation velocity 
radial profiles were obtained by more simple method – 
measurement of autocorrelation described in 
accompanying paper [5]. 
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decreasing when plasma was cooled down by impurity 
injection via laser ablation of carbon target. Studies of 
plasma response on small amount of carbon impurity 
injected in plasma showed widening of electron density 
profile at almost the same average density and plasma 
rotation slowing down (Fig.5). Interpretation of this 
effect needs more data, in particular data on plasma 
temperature. 
6. Discussion of results 
Magnetic field reversal experiment was proposed to 
verify a consistency of observation of poloidal plasma 
rotation as a result of tr BE ×  drift. Noticeable 
difference of plasma behavior for different directions of 
Bt was unexpected. One of possible explanations of such 
behavior is a change of magnetic field configuration in 
U-3M at field reversal. It was known that magnetic 
islands exist inside of U-3M vacuum magnetic field 
configuration near rational magnetic surfaces with ι=1/3 
[4-6]. These islands size can be changed at main 
magnetic field reversal. The “reversed” configuration 
has worst confining properties. Interesting observation 
is the increase of plasma density in divertor fluxes at the 
decrease of average plasma density in bulk plasma. It 
seems that plasma really diffuses faster at magnetic field 
reversal. 
Nevertheless at “normal” magnetic field direction 
the RF produced plasma in U-3M shows some features 
intrinsic to well confined plasma – an existence of 
rather large radial electric field as it follows from the 
value of poloidal rotation velocity. Observed high shear 
of poloidal rotation velocity is also a prerequisite of 
better plasma confinement [7].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Noticeable density fluctuations were observed at 
“normal” configuration. Their role in plasma 
confinement is still unclear and will be a subject of 
further studies. 
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